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Abstract: This short essay presents a simple definition of the relationship between automated systems,
autonomous systems, and semi-autonomous systems within robotics and machine systems. This
working definition was derived from the theoretical knowledge and practical experience of the
authors with robotics and systems engineering. It is intended to spark further conversation within
the relevant communities and help work toward a standard definition in practice.
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The concept of autonomous and semi-autonomous mowers has been in development for a
number of years, with most of the focus on controls and path planning [1–5]. When examining the
previous work or plans for upcoming developments, it is important to note the difference between
automated systems, autonomous systems, and semi-autonomous systems; often these are conflated in
the literature. From the perspective of systems engineering, the differentiating factor between them is
the level of direct human control in the system during operation, particularly in the response of the
system to unexpected events. Therefore, an autonomous system is one where decisions (in response to
external inputs or signals of whatever complexity) are made within the system and do not involve
human decision making [2,4]; in theory, a fully autonomous system would be able to respond on its
own to unknown and unexpected events via artificial intelligence without pre-programming by a
human. On the other extreme, automation can be defined as simply (quickly and efficiently) carrying
out human decisions and logic to complete a task [6–8]; no decisions are made during operation and
all operations are designed to accomplish a pre-set series of tasks within a known (or assumed) frame
of reference.
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Figure 1. Definition of automation, autonomy, and semi-autonomy relative to the decision maker who
responds to unexpected events in a dynamic environment
With these two in mind, semi-autonomy can be defined as anything that involves machine decision
making (in response to external, unexpected events) during operation but that a human is involved
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in some of this process and provides some direct control. Therefore, semi-autonomous systems are
those which are more independent and agile than automated systems and less self-contained than fully
autonomous systems. Note that even fully autonomous systems must have some kind of monitoring
and direct human control in case of an emergency or if the system becomes rogue [9–11]; the human
user is typically not involved in an autonomous system unless it is actually necessary, unlike the shared
system control between the computer and the human user in a semi-autonomous system.
An example of a very simple semi-autonomous system is the cruse control system in a car [12,13],
where the system controls the speed and engine RPM but the human driver can turn off the system or
over-ride is at any time. In addition, the driver must still steer and be vigilant for unexpected events
while driving with the cruse control system. This is the working definition that will be used in this
work; consensus withing the robotics community does not exist as to the exact boundary that define
machine autonomy so a simple definition that is reasonable, consistent, and well-defined is needed.
A diagram visually demonstrating the concept is shown in Figure 1. This definition represents the
experience and opinion of the authors and is intended to generate discussion and refinement within
the relevant communities. A standard definition, with a standard set of terminology, is sorely needed
and the authors believe the simple and logical definition presented in this viewpoint may serve as a
starting point for this.
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